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Purpose: We aimed to investigate whether combination therapy using intracoro- 
nary (IC) abciximab and aspiration thrombectomy (AT) enhances myocardial per- 
fusion compared to each treatment alone in patients with ST-elevation myocardial 
infarction (STEMI) undergoing primary percutaneous coronary intervention 
(PCI). Materials and Methods: We enrolled 40 patients with STEMI, who pre- 
sented within 6 h of symptom onset and had Thrombolysis in MI flow 0/1 or a 
large angiographic thrombus burden (grade 3/4). Patients were randomly divided 
into 3 groups: 10 patients who received a bolus of IC abciximab (0.25 mg/kg); 10 
patients who received only AT; and 20 patients who received both treatments. The 
index of microcirculatory resistance (IMR) was measured with a pressure sensor/ 
thermistor-tipped guidewire following successful PCI. Microvascular obstruction 
(MVO) was assessed using cardiac magnetic resonance imaging on day 5. Re- 
sults: IMR was lower in the combination group than in the IC abciximab group 
(23.5±7.4 U vs. 66.9±48.7 U, /?=0.001) and tended to be lower than in the AT 
group, with barely missed significance (23.5±7.4 U vs. 37.2±26.1 U, p=0.07). 
MVO was observed less frequently in the combination group than in the IC abcix- 
imab group (18.8% vs. 88.9%, /?=0.002) and tended to occur less frequently than 
in the AT group (18.8% vs. 66.7%, /?=0.054). No difference of IMR and MVO 
was found between the IC abciximab and the AT group (66.9±48.7 U vs. 
37.2±26.1 U,/t=0.451 for IMR; 88.9% vs. 66.7%, p=0. 525 for MVO, respective- 
ly). Conclusion: Combination treatment using IC abciximab and AT may syner- 
gistically improve myocardial perfusion in patients with STEMI undergoing pri- 
mary PCI (Trial Registration: clinicaltrials. gov Identifier: NCT0 1404507). 
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INTRODUCTION 



Timely reperfusion of jeopardized myocardium is the most effective way of restor- 
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ing left ventricular systolic function and reducing infarct 
size, thereby reducing the morbidity and mortality associat- 
ed with ST-elevation myocardial infarction (STEMI). Mi- 
crovascular obstruction (MVO) or no-refiow phenomenon 
refers to a state of poor myocardial perfusion at the micro- 
vascular level despite successful restoration of the patency 
of the epicardial coronary artery. 1 3 Ischemia itself, reperfu- 
sion injury, inflammation, or distal embolization of a throm- 
bus and/or plaque debris can cause development of MVO 
during primary percutaneous coronary intervention (PCI) 
for STEMI. 1 5 Poor myocardial perfusion is associated with 
a higher occurrence of extensive infarction, left ventricular 
remodeling, and increased mortality than good myocardial 
perfusion. 6 8 Thus, in the treatment of STEMI, attaining ad- 
equate myocardial perfusion is as important as achieving 
fast epicardial blood flow. 

Many studies have assessed the effect of interventional 
treatments, such as aspiration thrombectomy (AT) 9 13 or gly- 
coprotein (Gp) Ilb-IIIa inhibitors, 14 " 16 on the improvement 
of myocardial perfusion, which would thereby decrease in- 
farct size in patients with STEMI. It can be hypothesized 
that combination of abciximab and AT might synergistical- 
ly improve myocardial perfusion. Thus far, there are limited 
data about the benefits of combination treatment with intra- 
coronary (IC) abciximab and AT as adjuncts to primary PCI 
for STEMI. 1617 

MVO, visualized by cardiac magnetic resonance imaging 
(CMR), has been increasingly reported as a useful prognos- 
tic indicator in STEMI. 1819 Fearon, et al. 20 - 21 reported that the 
index of microcirculatory resistance (HVIR) can be a novel 
prognosticator for left ventricular remodeling and mortality 
in patients with STEMI. An elevated IMR was also linked to 
MVO as revealed by CMR in patients with STEMI. 22 There- 
fore, we sought to examine whether a combination of IC 
abciximab and AT is superior to each treatment alone in 
terms of improving myocardial perfusion, as assessed by 
IMR and MVO on CMR. 



MATERIALS AND METHODS 



Study population 

We screened 256 consecutive patients between at least 18 
years of age and less than 70 years of age with de novo 
STEMI, who presented within 6 h of symptoms onset and 
underwent primary PCI at our hospital between December 
2010 and February 2012. Sixty-four patients having Killip 



>3, 18 with hemodynamic instability requiring hemodynam- 
ic support devices, and 90 who had preprocedural Throm- 
bolysis in MI (TFMI) flow grade >2 or thrombus grade <2 
were excluded. Twenty-six subjects refused to participate in 
this study. Other exclusion criteria were contraindications 
for CMR, atrial fibrillation, chronic kidney disease (Cr >3 
mg/dL), neoplastic disease, platelet count <150000/mL, and 
hemoglobin <10 g/L. Angiographic inclusion criterion was 
preprocedural TIMI flow grade 0/1 or evidence of throm- 
bus grade 3/4. In addition, the target lesion should be locat- 
ed in a native coronary artery in the proximal to mid seg- 
ment with an estimated reference diameter of >2.25 mm 
and <4.25 mm. IC thrombus was scored in 5 grades as pre- 
viously described. 23 The final study cohort comprised 40 
subjects, divided into 3 groups before primary PCI, accord- 
ing to a random-number table: 10 patients, who received 
only a bolus of IC abciximab (0.25 mg/kg), 10 patients, only 
AT, and 20 patients, both treatments (Fig. 1). Our study pro- 
tocol was approved by the Ethical Review Board of Yonsei 
University Wonju College of Medicine (Wonju, Korea). In- 
formed consent to participate in this study was obtained 
from all the patients. 

Coronary angiography and antithrombotic regimens 

All patients received aspirin (300 mg) and clopidogrel (300- 
600 mg) immediately after STEMI diagnosis by electrocar- 
diogram (ECG). Aspirin (100 mg) and clopidogrel (75 mg) 
were administered for > 12 months after PCI. After an intra- 
venous (IV) bolus injection of unfractionated heparin (70 
U/kg), TV infusion (1000 U/h) was continued, and, if neces- 
sary, additional boluses were administered to achieve an ac- 
tivated clotting time of 300 s. After passing through the le- 
sion with a 0.014-inch guidewire, AT was performed before 
balloon predilation. Then, a bolus of IC abciximab (0.25 mg/ 
kg) was aoininistered via the guiding catheter when the distal 
epicardial coronary flow was visible. The systemic IV infu- 
sion of abciximab was not permitted. Either one of IC abcix- 
imab or AT was omitted in 20 patients not allocated to the 
combination group. Stenting of the infarct-related artery was 
performed in all patients. Direct stenting, the type of stent, 
and post-stent adjuvant ballooning were at the discretion of 
the treating physician. Both TIMI flow 24 and myocardial 
blush 6 were graded on the coronary angiogram as described 
previously. The duration of cine filming was prolonged by at 
least 3 cardiac cycles to make sure that the entire washout 
phase was included. Myocardial blush grade (MBG) was as- 
sessed during the same phase of the cardiac cycle. MBG 
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256STEMI patients screened (December 2010-February 201 2) 



Exclusion criteria 

26 refused to participate 

64 had Killip >3 

90 had preproceduralTIMI flow >2orthrombus grade 1/2 
Others had contraindications for CMR, atrial fibrillation, 
CKD, neoplastic disease, platelet count <150000/mL, or 
hemoglobin <10 g/L 



STEMI <6 hr of chest pain onset 
TIMI flow grade 0/1 orthrombus grade 3/4 (n=40) 



Intracoronary abciximab (n=10) 



Aspiration thrombectomy (n=10) 



Both (n=20) 



Primary endpoint 

Index of microcirculatory resistance 
Secondary endpoints 

Microvascular obstruction on CMR at day 5 
ST-segment resolution on ECG at 90 minutes 
Myocardial blush score 

Cardiovascular death or recurrent Ml at 1 month 



Fig. 1. Diagrammatical representation of the study. STEMI, ST-elevation myocardial infarction; TIMI, Thrombolysis in Myocardial 
Infarction; CMR, cardiac magnetic resonance imaging; CKD, chronic kidney disease; ECG, electrocardiogram; Ml, myocardial infarction. 
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Fig. 2. Index of microcirculatory resistance (IMR) and cardiac magnetic resonance imaging (CMR). (A) IMR is 34.2 U as a consequence of 
67 mm Hg, the distal mean coronary pressure multiplied by 0.51 s, the hyperemic mean transit time. (B, left) Early (2 min after contrast in- 
jection) gadolinium-enhanced CMR showed a central hypoenhanced area corresponding microvascular obstruction (MV0) in the an- 
teroseptal myocardial infarction (arrowheads). (B, right) Delayed (10 min after contrast injection) contrast-enhanced CMR revealed hy- 
perenhancement indicating an anteroseptal infarction with a central hypoenhanced zone of MV0 (arrow). 



and other quantitative coronary angiography parameters 
were measured and analyzed off-line using a primary diag- 
nostic image review and analysis workstation (Centricity 
Cardiology CA 1000, Milwaukee, WI, USA) by an inter- 
ventional cardiologist who was incognizant of the clinical 
information including the IMR result. 

Measurement of IMR 

After successful primary stenting, a calibrated coronary pres- 
sure wire (St. Jude Medical, Minneapolis, MN, USA) was 
equalized to the guiding catheter pressure with the sensor 
positioned at the ostium of the guiding catheter, and then ad- 
vanced beyond the culprit lesion. All pressure tracings were 
recorded on the RadiAnalyzer Xpress (St. Jude Medical) for 



offline analysis. Coronary wedge pressure was measured 
after 30 s of balloon occlusion within the stented segment. 
The IMR [mm Hg.s, or units (U)] was defined as simultane- 
ously measured distal coronary pressure divided by the in- 
verse of the thermodilution-derived hyperemic mean transit 
time (hTmn) (Fig. 2A). The mean transit time at rest and 
during hyperemia was measured by the methods described 
previously. 25 The shaft of the pressure wire can act as a proxi- 
mal thermistor by detecting changes in the temperature-de- 
pendent electrical resistance. The sensor near the tip of the 
wire simultaneously measures pressure and temperature, 
thereby acting as a distal thermistor. The transit time of room 
temperature saline injected into a coronary artery can be de- 
termined using a thermodilution technique. Three injections 
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of saline (3 mL, room temperature) were administered to 
the coronary artery, and the baseline mean transit time was 
measured. Pharmacologic hyperemia was then induced by 
an IV infusion of adenosine at 140 |ig/kg/min; 3 more in- 
jections of saline (3 mL, room temperature) were adminis- 
tered, and the hTmn was measured. 

CMR protocol and analysis 

CMR was performed on day 5 (median 5, range 3-9) using 
a 3-T magnetic resonance imaging system (Achieva Re- 
lease 2.1; Philips, Eindhoven, the Netherlands), equipped 
with a dedicated cardiac software package, cardiac coil, and 
vectorcardiogram. Following the acquisition of localizing 
images, we obtained long- and short-axis cine images using 
a retrospectively gated breath-hold true fast imaging with 
steady-state free precession technique. The short-axis cine 
scans of 10-mm slices were used to determine the left ven- 
tricular mass, volume, and function. A bolus of contrast me- 
dium, gadolinium-diethylenetriamine pentaacetic acid was 
injected at a dose of 0.1 mmol/kg, and images were ac- 
quired for 60 heartbeats immediately following contrast in- 
fusion. Delayed enhancement images were then obtained 
by acquiring an inversion-recovery segmented gradient echo 
Tl-weighted sequence 10-15 min after the bolus. All post- 
processing and analyses of the left ventricular mass, volume, 
function, myocardial infarct size, and presence of MVO 
were performed using the Extended Brilliance Workstation 
(Philips, Eindhoven, the Netherlands) by a radiologist who 
experienced in CMR and was blind to all clinical and pres- 
sure wire data. Infarct size was assessed manually by planim- 
etry on each short-axis slice, delineating the hyperenhanced 
area, including areas of hypoenhancement surrounded by the 
hyperenhanced area-the latter was considered as MVO (Fig. 
2B). Transmurality was calculated as the average transmu- 
rality of all segments with evidence of infarction in a 17-seg- 
ment model. 26 - 27 Infarct size was determined as a percentage 
of left ventricular mass as the sum of hyperenhanced pixels 
from each of the 6-8 short-axis images divided by the total 
number of pixels within the left ventricular myocardium 
multiplied by 100%. 28 

Main outcome measures 

The primary endpoint was the IMR value for each group. 
The secondary endpoints were the presence of MVO on 
CMR MBG on final coronary angiogram after successful 
coronary stenting and ST-segment resolution on ECG at 90 
min after PCI. The occurrence of the composite of death 



from cardiovascular causes or non-fatal reinfarction at 1 
month was also compared. 

Statistical analyses 

We hypothesized that combination treatment using a bolus 
of IC abciximab and AT would be superior to each treat- 
ment alone regarding post-PCI myocardial perfusion as as- 
sessed by IMR. On the basis of results from the previous 
studies, 20,22,29 we assumed the mean value of IMR of either 
the IC abciximab or the AT group to be approximately 34±14 
U. Upon a superiority design, total 40 patients were needed 
to ensure a power of 80% to detect a 14 U decrease of EVIR 
using a 2-tailed test, with a sample ratio of IC abciximab AT: 
both at 1 : 1 :2, bilateral risk at 5%, and the estimated dropout 
rate of 10%. Continuous variables are presented as mean±SD 
or median (range) and categorical variables as frequencies 
(percentages). The analysis of variance or Kruskal-Wallis 
test was used for comparing continuous variables. Post-hoc 
analysis was performed for the parameters found to be sig- 
nificant by analysis of variance. The chi-square test or Fish- 
er's exact test was used for categorical variables. Pairwise p 
values from the chi-square tests were presented with a Bon- 
ferroni correction for multiple tests. The univariate logistic 
regression analyses were done to investigate the relation of 
IMR [>34 U (upper tertile); dependent variable] to clinical 
and laboratory variables, echocardiographic and angio- 
graphic parameters, and CMR parameters. Multiple logistic 
regression analysis was performed to assess the correlates 
of IMR from variables on the basis of the best results of the 
univariate regression analyses at the significance level of 
p<Q.\. IMR was compared according to the presence of 
MVO, ST-segment resolution, or MBG using the unpaired 
t-test. All analyses were carried out with SPSS version 20.0 
(SPSS inc., Chicago, IL, USA). A two-sided p value <0.05 
was regarded statistically significant. 



RESULTS 



Baseline characteristics 

Baseline clinical and laboratory characteristics on the basis 
of treatment modalities are presented in Table 1 . Mean age, 
diabetes mellitus history, hypertension, hyperlipidemia, and 
current smoking status were balanced between the groups. 
Most subjects (82.5%) were male. The AT group had lower 
body mass index as compared with the IC abciximab group 
(22.6±2.5 vs. 26.9±3.2, /?=0.006). The distribution of dis- 
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Table 1. Baseline Clinical and Laboratory Characteristics 





IC abciximab (n=10) 


AT (n=10) 


Both (n=20) 


p value 


Age (yrs) 


59±10 


63±12 


57±11 


0.388 


Males 


9(90) 


6(60) 


18(90) 


0.097 


Body mass index (kg/rrf ) 


26.9±3.2 


22.6±2.5* 


24.9±2.8 


0.006 


Medical history 


Diabetes mellitus 


1(10) 


3(30) 


8(40) 


0.240 


Hypertension 


5(50) 


5(50) 


3(15) 


0.061 


Hyperlipidemia 


1(10) 


0 


1(10) 


0.215 


Current smoker 


4(40) 


5(5) 


11 (55) 


0.316 


Discharge medications 


Aspirin 


10 (100) 


10 (100) 


20 (100) 




Clopidogrel 


10(100) 


10(100) 


20 (100) 




(3-blocker 


9(90) 


10(100) 


19 (95) 


0.591 


ACE inhibitor or ARB 


9(90) 


7(70) 


15 (75) 


0.525 


Statin 


10(100) 


10(100) 


19 (95) 


0.599 


Left ventricular EF (%) 


49±5 


48±5 


53±9 


0.207 


Killip classification 








0.535 


1 


7(70) 


9(90) 


16(80) 




2 


3(30) 


1(10) 


4(20) 




Anterior MI 


8(80) 


7(70) 


15 (75) 


0.982 


Ischemic time (min) 


379(151-449) 


353 (130-450) 


246 (20-460) 


0.053 


Laboratory findings 


Hemoglobin (g/dL) 


13.9±2.1 


13.6±1.6 


15.1±1.4 


0.047 


Platelet (xl0 9 /L) 


302.1±129.7 


261.7±51.7 


257.7±60.5 


0.347 


WBC (xl0 9 /L) 


13.4±4.0 


11.2±3.6 


9.9±3.5 


0.056 


Creatinine (mg/dL) 


0.8±0.2 


0.7±0.2 


0.8±0.2 


0.143 


Glucose (mg/dL) 


148±31 


133±26 


162±64 


0.303 


Total cholesterol (mg/dL) 


190±30 


164±22 


189±30 


0.087 


Triglyceride (mg/dL) 


155±117 


120±47 


132±62 


0.582 


HDL cholesterol (mg/dL) 


48±7 


45±10 


50±15 


0.535 


LDL cholesterol (mg/dL) 


118±45 


100±36 


121±28 


0.161 


Hs-CRP (mg/L) 


1.2±1.3 


2.2±2.3 


1.0±0.5 


0.255 


BNP (pg/mL) 


64±112 


53±67 


20±13 


0.173 


PeakCK-MB(ng/mL) 


230.2±88.6 


226.2±114.5 


172.7±121.3 


0.307 


Peak troponin I (ng/mL) 


47.2±9.0 


45.6±14.0 


40.3±17.8 


0.448 



ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; AT, aspiration thrombectomy; BNP, B 
kinase, muscle and brain; EF, ejection fraction; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive 
lipoprotein; Ml, myocardial infarction; WBC, white blood cells. 
Data given as n (%), mean±SD or median (range). 
*p=0.006vs. IC abciximab. 



type natriuretic peptide; 
protein; IC, intracoronary; 



CK-MB, creatine 
LDL, low-density 



charge medication use, including dual antiplatelet therapy, 
P-blocker, angiotensin converting enzyme inhibitor or angio- 
tensin receptor blocker, or statin, was similar between the 3 
groups. Ischemic times tended to be shorter in the combina- 
tion group than in the other groups (/?=0.053). No significant 
difference was observed in the frequency of anterior wall 
MI, Killip classification, left ventricular ejection fraction, B- 
type natriuretic peptide, peak creatine kinase, muscle and 
brain, or peak troponin I. 



Coronary angiography and PCI data 

Table 2 depicts the coronary angiography and PCI data. 
Approximately 75% of the patients underwent primary PCI 
for a coronary lesion in the left anterior descending artery. 
Most lesions had TEVII flow grade 0/1 (90%), collateral flow 
grade 0/1 (92.5%), and large thrombotic burden (80%), 
without significant differences between the groups. White 
or red thrombi were retrieved in 95% of the patients who 
were treated with AT. All PCI was attempted only for a cul- 
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Table 2. Baseline Coronary Angiographic and Procedural Parameters 





\i Qn/*ivitnQh i n — 1 I 1 i 
Iv. aUC-lAlIIlaU ^11 ±V) 


AT (n=1 


Rnth (r\= 7(W 
JDUL11 yLl AX) f 


IT "\7q1"1"1£* 

P ValUC 


InrQr^ i'imqIi" 1 /! \/r , ccr i l 
lilldlCL-lLldlLU 








\J.yoA, 


Left anterior descending artery 


8(80) 


7(70) 


15 (75) 




Left circumflex artery 


1 nm 


1 nm 
1 {iv) 






Right coronary artery 


i nm 
1 [LV) 








Procedure time (min) 




Afi> (If* 

^+0 yZ.O-o J ) 


^ 1 7-Dj ) 


n 

U.JJ7 


rjdseiuie i iivii now giaue u/ 1 


o \ o\) ) 


1 a n new 


1 S {QC\\ 
1 o ^ 


n ^11 


Collateral flow grade 0/1 


o yo\J ) 


inn new 


iy (yD) 


n 41 1 


Thrombus grade 3/4, after flow 
restoration 


7(70) 


8(80) 


17(85) 


0.164 


Result of AT 








0.116 


Negative 


N/A 


0 


2(10) 




White thrombi 


N/A 


3(30) 


1(5) 




Red thrombi 


N/A 


7(70) 


17(85) 




Procedural details 


Number of vessels per patient 


1 


1 


1.1±0.3 


0.368 


Stents per patient 


1.1±0.3 


1.2±0.4 


1 


0.145 


Total stent length (mm) 


25.4±11.4 


28.2±12.7 


23.4±5.7 


0.421 


Stent diameter (mm) 


3.24±0.44 


3.13±0.36 


3.25±0.47 


0.762 


Adjuvant ballooning after stenting 


10(100) 


10(100) 


17(85) 


0.198 


Distal embolization 


2(20) 


1(10) 


0 


0.138 



TIMI 



Data given as n (%), mearttSD or median (range). 



prit vessel. No difference regarding stent number per pa- 
tient was observed. Two patients in the combination group 
had multi-vessel disease, whereas others had single-vessel 
disease. No difference was observed in stent diameter and 
the frequency of post-stent adjuvant ballooning among the 
groups. The incidence of PCI complications such as distal 
embolization or dissection was quite low and similar among 
the groups. All patients received either the everolimus-, zo- 
tarolimus-, or biolimus-eluting stents. 

Comparison of myocardial perfusion parameters 
between the groups 

We compared the myocardial perfusion status using follow- 
ing parameters: TIMI flow grade and MBG on final coro- 
nary angiography, IMR by the pressure wire immediately 
after primary PCI, ST-segment resolution on ECG at 90 
min, and MVO on CMR at day 5 (Table 3). The combina- 
tion group had higher TIMI flow grade and MBG than did 
the IC abciximab group. No difference was found between 
the IC abciximab and AT groups regarding TIMI flow 
grade and MBG. IMR values were different between the 3 
groups (Fig. 3). Post hoc analysis revealed that IMR was 
lower in the combination group than in the IC abciximab 
group (23.5±7.4 U vs. 66.9±48.7 U, 79=0.001) and tended to 
be lower than in the AT group (23.5±7.4 U vs. 37.2±26.1 U, 



i thrombectomy. 

/?=0.070). No difference of IMR was found between the IC 
abciximab and the AT groups (/?=0.451). Fractional flow re- 
serve, coronary flow reserve, coronary wedge pressure, and 
collateral flow index were similar between the groups. 
Thirty-one patients (77.5%) underwent CMR at day 5 after 
primary PCI. Four patients refused the exam and others 
could not complete the study because of claustrophobia (3 
patients) and difficulty in breath-holding (2 patients). Ejec- 
tion fraction, infarct size, and transmural extent of MI on 
CMR were not different between the groups. The incidence 
of MVO was not similar between the 3 groups (p=0.001). 
Post hoc analysis showed that the presence of MVO was 
lower in the combination group than in the IC abciximab 
group (18.8% vs. 88.9%, /?=0.002) and tended to be lower 
than in the AT group with barely missed significance (18.8% 
vs. 66.7%,/?=0.054). No difference in the presence of MVO 
was found between the IC abciximab and the AT groups 
(/?=0.525). 

Relation of IMR to clinical, angiographic, and CMR 
parameters 

FMR was higher in subjects with MVO or MBG 0/1 than in 
those without MVO or with MBG 2/3 (53.4±44.3 U vs. 
21.5±5.2 U for MVO,/?=0.015; 75.2±50 U vs. 25.3±12.1 U 
for MBG, p=0.007). No difference of IMR was found in 
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Table 3. Comparison of Myocardial Perfusion Parameters According to the Treatment Modalities 





IC abciximab (n=10) 


AT (n=10) 


Both (n=20) 


p value 


Coronary angiography 


Final TIMI flow grade 3 


6(60) 


8(80) 


20(100)* 


0.001 


Final myocardial blush grade 2/3 


3(30) 


8(80) 


19 (95) f 


0.001 


Pressure wire parameters 


Fractional flow reserve 


0.93±0.03 


0.94±0.05 


0.91±0.05 


0.246 


TMR (mm Hg.s) 


66.9±48.7 


37.2±26.1 


23.5±7.4* 


0.001 


Coronary flow reserve 


1.8±0.9 


1.1±0.6 


1.4±0.7 


0.186 


Coronary wedge pressure (mm Hg) 


27.9±5.5 


27.6±10.3 


24.7±5.9 


0.448 


Collateral flow index 


0.29±0.07 


0.33±0.09 


0.32±0.09 


0.537 


ST segment resolution >70% 


2(20) 


3(30) 


13 (65) 


0.063 


CMR parameters § 


Days 


7 (4-9) 


5 (3-6) 


4(3-9) 


0.134 


Ejection fraction (%) 


50±7 


50±5 


54±9 


0.392 


Infarct size (%) 


25±9 


24±13 


20±12 


0.554 


Microvascular obstruction 


8 (88.9) 


4 (66.7) 


3 (18.8)" 


0.001 


Transmurality >75% 


6 (66.7) 


4 (66.7) 


5(31.3) 


0.127 



CMR, cardiac magnetic resonance imaging; IMR, index of microcirculatory resistance; IC, intracoronary; AT, aspiration thrombectomy; TIMI, Thrombolysis 
in Myocardial Infarction. 

Data given as n (%), mean±SD or median (range). 

*p=0.008vs. IC abciximab. 

Vfl OOl vs. IC abciximab. 

*p=0.001 vs. IC abciximab, p=0.07 vs. AT. 

§ 0nly 31 patients underwent CMR (77.5%). 

"p=0.002 vs. IC abciximab, p=0.054 vs. AT. 



150- 



100- 



p=0.001 vs. IC abciximab 
p=0.07 vs. AT 



50- 



0- 



IC abciximab 
(n=10) 



AT 
(n=10) 



IC abciximab+AT 
(n=20) 



Fig. 3. Comparison of index of microcirculatory resistance (IMR) among the 
3 groups. IMR was lower in the combination group than in the intracoro- 
nary (IC) abciximab group (23.5±7.4 U vs. 66.9±48.7 U, p=0.001) and tended 
to be lower than in the aspiration thrombectomy (AT) group, with barely 
missed significance (23.5±7.4 U vs. 37.2±26.1 U, p=0.07). No difference in 
IMR was found between the IC abciximab and the AT group (p=0.451). 



the ST-segment resolution (41.6±33 U vs. 33±32 U,/?= 
0.408) (Fig. 4). Combination treatment using IC abciximab 
and AT [odds ratio (OR) 0.091, confidence interval (CI) 
0.017-0.501,^=0.006], body mass index (OR 1.245, CI 
0.983-1.577,^0.052), hypertension (OR 4.083, CI 0.998- 



16.868,^=0.052), ischemic time (OR 1.008, CI 1.001- 
1.014, yj=0.028), presence of MVO on CMR (OR 2.5, CI 
1.345-4.646, /?<0.001), and MBG 2/3 (OR 0.017, CI 0.002- 
0.174,/j=0.001) were associated factors of high IMR (>34 
U) at the significance level of/?<0.1. On multiple logistic 
regression analysis, the combination treatment (OR 0.111, 
CI 0.015-0.809, /?=0.03) and body mass index (OR 1.346, 
CI 1.012-1.791, /?=0.041) remained as independent param- 
eters for the prediction of high IMR. One event that indicat- 
ed recurrent MI occurred in the IC abciximab group, which 
was not related to the target vessel. No other event occurred 
during the 1 -month follow-up period. 



DISCUSSION 



The main findings of the present study are as follows: 1) A 
combination of IC abciximab and AT seemed to be superior 
to each treatment alone in terms of enhancing myocardial 
perfusion, as assessed by on-site measurement of IMR after 
primary PCI for STEMI. 2) Higher IMR value was linked 
to lower MBG on coronary angiography and the presence 
of MVO on CMR. 
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150 



100 



50- 



p=0.007 



p=0.408 



p=0.015 



MBG 0/1 
(n=10) 



MBG 2/3 
(n=30) 



ST-segment 
resolution <70% 
(n=22) 



ST-segment 
resolution >70% 
(n=18) 



MVO 
(n=15) 



No MVO 
(n=16) 



Fig. 4. Comparison of index of microcirculatory resistance (IMR) based on the presence of microvascular obstruction (MVO) and ST- 
segment resolution, or myocardial blush grade (MBG). IMR was higher in subjects with MVO or MBG 0/1 than those without MVO or with 
MBG 2/3 (53.4±44.3 U vs. 21.5±5.2 U, p=0.015 for MVO; 75.2±50 vs. 25.3+12.1, p=0.007 for MBG). No difference of IMR was found according 
to the ST-segment resolution (41 .6±33 U vs. 33±32 U, p=0.408). 



Even when TIMI 3 epicardial flow is restored, patients 
with poor myocardial perfusion have a higher mortality than 
those with good myocardial perfusion. 6 To attain adequate 
myocardial perfusion in patients with STEMI, prompt and 
proper revascularization is important. AT seemed to be bene- 
ficial because it can reduce distal atherothrombotic embolism 
through retrieval of in situ thrombus. Svilaas, et al. 11,13 report- 
ed the advantages of manual thrombectomy over conven- 
tional PCI in terms of improving MBG as well as reducing 
the 1-year incidence of MI and cardiac death. Sardella, et al. 12 
also reported reduction in infarct size on CMR 3 months af- 
ter primary PCI in subjects treated with manual thrombecto- 
my, compared to those treated with conventional PCI. How- 
ever, other studies 91016 failed to demonstrate the superiority 
of AT to conventional PCI in the treatment of STEMI. One 
meta-analysis 17 showed that manual AT without a distal pro- 
tection device was better than PCI alone for STEMI patients. 
Thus, AT is regarded as an important adjunctive tool in the 
treatment of STEMI, but its routine use is not yet a class I in- 
dication in the updated guidelines. 30 31 It can be inferred that 
the benefit of AT might be enhanced in patients with a shorter 
ischemic time and heavy thrombotic burden." 12 Lesion- or 
clinical-specific studies aimed at revealing the benefits of AT 
as an adjunct for STEMI is warranted. 

The effect of several medications, such as verapamil, 32 
adenosine, 33 nitroprusside, 34 nicorandil, 35 and Gp Ilb-IIIa in- 
hibitor, 1416 on preventing or reducing reperfusion injury has 
been investigated. However, their efficacy in improving 
myocardial perfusion was not consistent and remains de- 
batable. Routine use of a Gp Ilb-IIIa inhibitor such as ab- 
ciximab is reasonable, but is not recommended as class I 



indication by the current guidelines. 30 31 This may be partly 
due to the potential increase in bleeding. Instead of a bolus 
injection followed by continuous infusion of abciximab, a 
single bolus administration of abciximab was proposed to 
decrease bleeding complications while maintaining anti- 
ischemic efficacy. 15 It was also suggested that direct IC in- 
jection of abciximab might be superior to its IV injection for 
improving myocardial perfusion. 36 ' 39 High local doses of 
abciximab may facilitate the dissolution of the antibody to 
platelets inside the flow-limiting thrombus, thus resulting in 
improved dissolution of thrombi and microemboli at the rup- 
tured plaque and further downstream in the microcircula- 
tion. In fact, a few meta-analyses 38 39 showed that IC abcix- 
imab was more effective in decreasing mortality than IV 
application. However, the largest randomized abciximab IC 
versus IV drug application in the STEMI (ATDA STEMI) 
trial 40 and other meta-analysis, 41 including the ATDA STE- 
MI trial, showed no difference in mortality between IC and 
IV abciximab application. The neutral effect of IC versus 
IV abciximab might be due to its subsequent systemic IV 
infusion. In fact, the Intracoronary Abciximab and Aspira- 
tion Thrombectomy in Patients With Large Anterior Myo- 
cardial Infarction (INFUSE-AMI) trial 16 revealed that IC 
abciximab via an infusion catheter reduces infarct size, as 
assessed by CMR after 30 days. All patients in our study 
and a majority of the patients in the INFUSE-AMI trial 16 had 
only a bolus of IC abciximab without subsequent systemic 
IV infusion. Further studies comparing the efficacy of IC 
and IV abciximab bolus application without subsequent in- 
fusion are warranted. 
A subgroup analysis of INFUSE-AMI 16 and a meta-analy- 
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sis 17 suggest that a combination of AT and abciximab admin- 
istration is the most efficient treatment for decreasing infarct 
size and mortality as compared to each treatment alone or no 
treatment with AT or abciximab. These findings are consistent 
with those of our study. If most thrombotic materials are re- 
trieved by AT, IC abciximab could further dissolve residual in 
situ thrombus as well as microemboli in the microvasculature. 
Thus, IC abciximab application alone without AT may have a 
limited effect on decreasing a heavy thrombotic burden. 

There are several methods to assess the adequacy of 
myocardial perfusion such as MBG on coronary angiogra- 
phy, 6 ST-segment elevation recovery on ECG, 42 or MVO on 
CMR. 2 MBG can be easily assessed on angiography but is 
too subjective, and there is substantial inter- and intra-ob- 
server disagreement. 6 High MBG and ST-segment resolu- 
tion are not always consistent because of a potential elec- 
tromechanical dissociation between microvascular blood 
flow and myocyte function. 42 Meanwhile, the use of CMR 
has been increasing because it provides a comprehensive 
and multifaceted view of the heart, including left ventricu- 
lar function and volumes, infarct visualization, viability, and 
MVO. 18 A central hypoenhanced region within a hyperen- 
hanced region corresponds to poor myocardial perfusion as 
assessed by MVO, which is a poor prognosis-related CMR 
parameter in patients with STEMI. 19 Despite these advan- 
tages of CMR, its use is limited because of the following 
reasons. First, it is costly. Second, some patients, especially 
advanced-aged subjects, are not eligible for CMR because 
of claustrophobia or difficulty in breath-holding. Actually, 
because of the aforementioned reasons, only 77.5% of the 
patients underwent CMR in the present study. Fearon, et 
al.20,21 reported that FMR obtained immediately after primary 
PCI can be a novel method for the prediction of left ventric- 
ular remodeling and mortality. IMR was also a determinant 
of myocardial viability as assessed by 18F-fluorodeoxyglu- 
cose positron emission tomography. 29 McGeoch, et al. 22 ob- 
served that IMR was higher in patients with MVO on CMR. 
This corresponds well with our results that IMR was higher 
in subjects with MVO or MBG 0/1 than those without MVO 
or with MBG 2/3. Thus, IMR may be a useful semi-quantita- 
tive onsite tool to assess the state of myocardial perfusion 
and to predict mortality after primary PCI for STEMI. ECG 
or CMR can be used only as a prognostic indicator, whereas 
FMR may be used as a therapeutic guidance such as nicor- 
andil application 35 as well as a prognostic marker. 20,21 ' 29 ' 35 

There are several limitations in the present study. First, 
this is a single-centre study involving a small population. 



Thus, we could not sufficiently compare clinical and safety 
endpoints such as mortality and bleeding complications. 
Second, the study population was highly selective (15.5% 
STEMIs screened were randomized), that is, high-risk pa- 
tients such as cardiogenic shock patients were excluded 
while hemodynamically stable subjects, who presented with- 
in 6 h of symptom onset and had a large angiographic throm- 
bus burden, were included. Therefore, our findings cannot 
be extrapolated to all STEMI patients undergoing primary 
PCI. Third, 25% of non-anterior MI included in this study 
may influence the IMR value because IMR may be differ- 
ent according to the extent of myocardial territory. However, 
the frequency of anterior MI was similar between the 
groups. Fourth, even though ischemic time was not an inde- 
pendent factor for the prediction of high IMR value, shorter 
ischemic time would affect better myocardial perfusion sta- 
tus in the combination group. Finally, we did not use an IC 
infusion catheter to deliver abciximab. Therefore, the drug 
might have leaked into the aorta or the subtending coronary 
vessel, resulting in inefficient delivery to the plaque rupture 
site and corresponding myocardium. 

In conclusion, AT followed by a bolus of IC abciximab 
may be an efficient adjunctive combination therapy to en- 
hance myocardial perfusion in patients with STEMI who 
presented within 6 h and have a large angiographic throm- 
botic burden. Onsite measurement of IMR following primary 
PCI may be useful for the semi-quantitative assessment of 
the adequacy of myocardial perfusion. A randomized con- 
trolled trial powered for clinical and safety endpoints is re- 
quired to confirm the benefits of combination treatment us- 
ing IC abciximab and AT in STEMI. 



ACKNOWLEDGEMENTS 



This work was supported by a grant (KSIC-2010-5) from 
the Korean Society of Interventional Cardiology. 



REFERENCES 



1. Rezkalla SH, Kloner RA. No-reflow phenomenon. Circulation 
2002;105:656-62. 

2. Bekkers SC, Yazdani SK, Virmani R, Waltenberger J. Microvas- 
cular obstruction: underlying pathophysiology and clinical diag- 
nosis. J Am Coll Cardiol 2010;55:1649-60. 

3. Lerman A, Holmes DR, Herrmann J, Gersh BJ. Microcirculatory 
dysfunction in ST-elevation myocardial infarction: cause, conse- 
quence, or both? Eur Heart J 2007;28:788-97. 



614 



yonsei Med J http://www.eymj.org Volume 55 number3 may2014 



Intracoronary Abciximab and Thrombectomy in STEMI 



4. Jaffe R, Dick A, Strauss BH. Prevention and treatment of micro- 
vascular obstruction-related myocardial injury and coronary no- 
reflow following percutaneous coronary intervention: a systematic 
approach. JACC Cardiovasc Interv 2010;3:695-704. 

5. Lee HY, Kim JH, Kim BO, Kang YJ, Ahn HS, Hwang MW, et al. 
Effect of Aspiration Thrombectomy on Microvascular Dysfunc- 
tion in ST-Segment Elevation Myocardial Infarction With an Ele- 
vated Neutrophil Count. Korean Circ J 2011;41:68-75. 

6. van 't Hof AW, Liem A, Suryapranata H, Hoorntje JC, de Boer 
MJ, Zijlstra E Angiographic assessment of myocardial reperfusion 
in patients treated with primary angioplasty for acute myocardial 
infarction: myocardial blush grade. Zwolle Myocardial Infarction 
Study Group. Circulation 1998;97:2302-6. 

7. Gibson CM, Cannon CP, Murphy SA, Ryan KA, Mesley R, Mar- 
ble SJ, et al. Relationship of TIM1 myocardial perfusion grade to 
mortality after administration of thrombolytic drugs. Circulation 
2000;101:125-30. 

8. Dibra A, Mehilli J, Dirschinger J, Pache J, Neverve J, Schwaiger 
M, et al. Thrombolysis in myocardial infarction myocardial perfu- 
sion grade in angiography correlates with myocardial salvage in 
patients with acute myocardial infarction treated with stenting or 
thrombolysis. J Am Coll Cardiol 2003;41:925-9. 

9. Stone GW, Webb J, Cox DA, Brodie BR Qureshi M, Kalynych A, 
et al. Distal microcirculatory protection during percutaneous coro- 
nary intervention in acute ST-segment elevation myocardial in- 
farction: arandomized controlled trial. JAMA2005;293:1063-72. 

10. Kaltoft A, Bottcher M, Nielsen SS, Hansen HH, Terkelsen C, 
Maeng M, et al. Routine thrombectomy in percutaneous coronary 
intervention for acute ST-segment-elevation myocardial infarc- 
tion: a randomized, controlled trial. Circulation 2006; 1 14:40-7. 

1 1 . Svilaas T, Vlaar PJ, van der Horst IC, Diercks GF, de Smet BJ, van 
den Heuvel AF, et al. Thrombus aspiration during primary percuta- 
neous coronary intervention. N Engl J Med 2008;358:557-67. 

12. Sardella G, Mancone M, Bucciarelli-Ducci C, Agati L, Scardala R, 
Carbone I, et al. Thrombus aspiration during primary percutane- 
ous coronary intervention improves myocardial reperfusion and 
reduces infarct size: the EXPIRA (thrombectomy with export 
catheter in infarct-related artery during primary percutaneous cor- 
onary intervention) prospective, randomized trial. J Am Coll Car- 
diol 2009;53 :309- 1 5. 

13. Vlaar PJ, Svilaas T, van der Horst IC, Diercks GF, Fokkema ML, 
de Smet BJ, et al. Cardiac death and reinfarction after 1 year in the 
Thrombus Aspiration during Percutaneous coronary intervention 
in Acute myocardial infarction Study (TAPAS): a 1-year follow- 
up study. Lancet 2008;371:1915-20. 

14. Mehilli J, Kastrati A, Schulz S, Friingel S, Nekolla SG, Moshage 
W, et al. Abciximab in patients with acute ST-segment-elevation 
myocardial infarction undergoing primary percutaneous coronary 
intervention after clopidogrel loading: a randomized double-blind 
trial. Circulation 2009;119:1933-40. 

15. Kini AS, Chen VH, Krishnan P, Lee P, Kim MC, Mares A, et al. 
Bolus-only versus bolus + infusion of glycoprotein Ilb/Illa inhibi- 
tors during percutaneous coronary intervention. Am Heart J 2008; 
156:513-9. 

16. Stone GW, Maehara A, Witzenbichler B, Godlewski J, Parise H, 
Dambrink JH, et al. Intracoronary abciximab and aspiration throm- 
bectomy in patients with large anterior myocardial infarction: the 
INFUSE-AMI randomized trial. JAMA2012;307:1817-26. 

17. Burzotta F, De Vita M, Gu YL, Isshiki T, Lefevre T, Kaltoft A, et 
al. Clinical impact of thrombectomy in acute ST-elevation myo- 



cardial infarction: an individual patient-data pooled analysis of 1 1 
trials. Eur Heart J 2009;30:2193-203. 

18. Lockie T, Nagel E, Redwood S, Plein S. Use of cardiovascular 
magnetic resonance imaging in acute coronary syndromes. Circu- 
lation 2009; 1 1 9 : 1 67 1 -8 1 . 

19. 0m S, Manhenke C, Greve OJ, Larsen Al, Bonarjee VV, Edvard- 
sen T, et al. Microvascular obstruction is a major determinant of 
infarct healing and subsequent left ventricular remodelling follow- 
ing primary percutaneous coronary intervention. Eur Heart J 
2009;30:1978-85. 

20. Fearon WF, Shah M, Ng M, Brinton T, Wilson A, Tremmel JA, et 
al. Predictive value of the index of microcirculatory resistance in 
patients with ST-segment elevation myocardial infarction. J Am 
Coll Cardiol 2008;51:560-5. 

21. Fearon WF, Low AF, Yong AS, McGeoch R, Berry C, Shah MG, 
et al. Prognostic value of the Index of Microcirculatory Resistance 
measured after primary percutaneous coronary intervention. Cir- 
culation 20 1 3 ; 1 27 :243 6-4 1 . 

22. McGeoch R, Watkins S, Berry C, Steedman T, Davie A, Byrne J, 
et al. The index of microcirculatory resistance measured acutely 
predicts the extent and severity of myocardial infarction in patients 
with ST-segment elevation myocardial infarction. JACC Cardio- 
vasc Interv 2010;3:715-22. 

23. Gibson CM, de Lemos JA, Murphy SA, Marble SJ, McCabe CH, 
Cannon CP, et al. Combination therapy with abciximab reduces 
angiographically evident thrombus in acute myocardial infarction: 
aTIMI 14 substudy. Circulation 2001;103:2550-4. 

24. Chesebro JH, Knatterud G, Roberts R, Borer J, Cohen LS, Dalen 
J, et al. Thrombolysis in Myocardial Infarction (TIM1) Trial, Phase 
1: a comparison between intravenous tissue plasminogen activator 
and intravenous streptokinase. Clinical findings through hospital 
discharge. Circulation 1987;76:142-54. 

25. Fearon WF, Balsam LB, Farouque HM, Caffarelli AD, Robbins 
RC, Fitzgerald PJ, et al. Novel index for invasively assessing the 
coronary microcirculation. Circulation 2003; 107:3 129-32. 

26. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, 
Laskey WK, et al. Standardized myocardial segmentation and no- 
menclature for tomographic imaging of the heart. A statement for 
healthcare professionals from the Cardiac Imaging Committee of 
the Council on Clinical Cardiology of the American Heart Associ- 
ation. Int J Cardiovasc Imaging 2002;18:539-42. 

27. Engblom H, Hedstrom E, Heiberg E, Wagner GS, Pahlm O, Ar- 
heden H. Size and transmural extent of first-time reperfused myo- 
cardial infarction assessed by cardiac magnetic resonance can be 
estimated by 12-lead electrocardiogram. Am Heart J 2005;150: 
920. 

28. Mahrholdt H, Wagner A, Holly TA, Elliott MD, Bonow RO, Kim 
RJ, et al. Reproducibility of chronic infarct size measurement by 
contrast-enhanced magnetic resonance imaging. Circulation 2002; 
106:2322-7. 

29. Lim HS, Yoon MH, Tahk SJ, Yang HM, Choi BJ, Choi SY, et al. 
Usefulness of the index of microcirculatory resistance for invasive- 
ly assessing myocardial viability immediately after primary angio- 
plasty for anterior myocardial infarction. Eur Heart J 2009;30: 
2854-60. 

30. Task Force on the management of ST-segment elevation acute 
myocardial infarction of the European Society of Cardiology 
(ESC), Steg PG, James SK, Atar D, Badano LP, Blomstrom-Lun- 
dqvist C, et al. ESC Guidelines for the management of acute myo- 
cardial infarction in patients presenting with ST-segment eleva- 



yonsei Med J http://www.eymj.org Volume 55 number3 may2014 



615 



Sung Gyun Ahn, et al. 



tion. Eur Heart J 2012;33:2569-619. 

3 1 . American College of Emergency Physicians; Society for Cardio- 
vascular Angiography and Interventions, O'Gara PT, Kushner FG, 
Ascheim DD, Casey DE Jr, et al. 2013 ACCF/AHA guideline for 
the management of ST-elevation myocardial infarction: executive 
summary: a report of the American College of Cardiology Foun- 
dation/American Heart Association Task Force on Practice Guide- 
lines. J Am Coll Cardiol 2013;61:485-5 10. 

32. Taniyama Y, Ito H, Iwakura K, Masuyama T, Hori M, Takiuchi S, 
et al. Beneficial effect of intracoronary verapamil on microvascu- 
lar and myocardial salvage in patients with acute myocardial in- 
farction. J Am Coll Cardiol 1997;30:1193-9. 

33. Micari A, Belcik TA, Balcells EA, Powers E, Wei K, Kaul S, et al. 
Improvement in microvascular reflow and reduction of infarct size 
with adenosine in patients undergoing primary coronary stenting. 
Am J Cardiol 2005;96:1410-5. 

34. Amit G, Cafri C, Yaroslavtsev S, Fuchs S, Paltiel O, Abu-Ful A, et 
al. Intracoronary nitroprusside for the prevention of the no-reflow 
phenomenon after primary percutaneous coronaiy intervention in 
acute myocardial infarction. A randomized, double-blind, placebo- 
controlled clinical trial. Am Heart J 2006;152:887. 

35. Ito N, Nanto S, Doi Y, Sawano H, Masuda D, Yamashita S, et al. 
High index of microcirculatory resistance level after successful 
primary percutaneous coronaiy intervention can be unproved by 
intracoronary administration of nicorandil. Circ J 2010;74:909-15. 

36. Kubica A, Kozinski M, Navarese EP, Grzesk G, Goch A, Kubica J. 
Intracoronary versus intravenous abciximab administration in 
STEMI patients: overview of current status and open questions. 
Curr Med Res Opin 20 1 1 ;27:2 1 33-44. 



37. Romagnoli E, Burzotta F, Irani C, Biondi-Zoccai GG, Giannico F, 
Crea F. Rationale for intracoronary administration of abciximab. J 
Thromb Thrombolysis 2007;23:57-63. 

38. Navarese EP, Kozinski M, Obonska K, Margheri M, Gurbel PA, 
Kubica J, et al. Clinical efficacy and safety of intracoronary vs. in- 
travenous abciximab administration in STEMI patients undergo- 
ing primary percutaneous coronary intervention: a meta-analysis 
of randomized trials. Platelets 2012;23:274-81. 

39. Shimada YJ, Nakra NC, Fox JT, Kanei Y. Meta-analysis of pro- 
spective randomized controlled trials comparing intracoronary 
versus intravenous abciximab in patients with ST-elevation myo- 
cardial infarction undergoing primary percutaneous coronary in- 
tervention. Am J Cardiol 2012;109:624-8. 

40. Thiele H, Wohrle J, Hambrecht R Ringer H, Birkemeyer R, Lau- 
er B, et al. Intracoronary versus intravenous bolus abciximab dur- 
ing primary percutaneous coronary intervention in patients with 
acute ST-elevation myocardial infarction: a randomised trial. Lan- 
cet 2012;379:923-31. 

41. De Luca G, Verdoia M, Suryapranata H. Benefits from intracoro- 
nary as compared to intravenous abciximab administration for 
STEMI patients undergoing primary angioplasty: a meta-analysis 
of 8 randomized trials. Atherosclerosis 2012;222:426-33. 

42. Poli A, Fetiveau R, Vandoni P, del Rosso G, D'Urbano M, Seveso 
G, et al. Integrated analysis of myocardial blush and ST-segment 
elevation recovery after successful primary angioplasty: real-time 
grading of microvascular reperfusion and prediction of early and 
late recovery of left ventricular function. Circulation 2002; 106: 
313-8. 



616 



yonsei Med J http://www.eymj.org Volume 55 number3 may2014 



